INTRODUCTION
The pharmacologic focus of the prevention of cardiovascular (CV) events in the management of dyslipidemia has long been the lowering of low-density lipoprotein cholesterol (LDL-C) [1] [2] [3] ; however, in some patients, lowering LDL-C may not account for the entirety of the risk [3] [4] [5] . In some patients with dyslipidemia, other markers may enhance CV risk prediction and complement standard lipid parameters [6, 7] .
Elevated levels of remnant lipoproteins (RLP) correlate with risk for CV events and are being investigated as potential biomarkers for assessing CV risk in a select population of patients [8] [9] [10] . RLP are partially catabolized chylomicrons and very-low-density lipoprotein (VLDL) from which some triglycerides have been removed by the action of lipoprotein lipase and hepatic lipase [11] . RLP are primarily found in the VLDL/chylomicrons-intermediate-density lipoprotein (IDL) density range [12] . Higher levels of both RLP and IDL predicted incident coronary heart disease in a primary prevention population [13] . Higher triglyceride-rich lipoprotein cholesterol (TRL-C) levels were similarly associated with increased risk of major adverse cardiovascular events (MACE) in an unadjusted analysis of patients on 10 mg/day atorvastatin in a secondary prevention setting (TNT trial) [14] . Remnant lipoproteins are removed by receptors including the LDL receptor, LDL-receptor-related protein-1, and the VLDL receptor [15] [16] [17] .
Apolipoprotein A1 (ApoA1), the principle protein component of high-density lipoprotein (HDL), has a protective effect for CV risk and therefore an inverse relationship with CV risk [18] . Beyond individual particle concentrations, ratios take into account the relationship between multiple markers. The apoA1 remnant ratio (apoA1/[VLDL 3 -C ? IDL-C]) measures the relative amount of the protective factor apoA1 and the risk factor, RLP. An increase in the ratio predicts a decrease in risk. The apoA1 remnant ratio provided better prediction of risk than traditional lipid markers in women over 50 years of age and African Americans [6, 19] . High-risk apoA1 remnant ratios were found in the majority of a cohort of very high-risk women over 55 years of age who met the National Lipid Association recommended treatment goals on statin therapy [20] . The effect of lipid-lowering therapy on the apoA1 remnant ratio has never been previously described. The purpose of this post hoc analysis was to examine the effects of evolocumab on this ratio, including in women over 50 years of age.
Evolocumab is a human monoclonal antibody that targets proprotein convertase subtilisin/kexin type 9 (PCSK9), a serine protease that inhibits LDL receptor (LDLR) recycling [21] . PCSK9 reduces the recycling of LDLR by binding to the receptor along with LDL and targeting the receptor for lysosomal degradation [22] . This action leads to decreased LDLR density on the surface of hepatocytes, which in turn increases circulating LDL-C [23] . PCSK9 has been shown to degrade not only the LDLR, but also the VLDL receptor and the LDLreceptor-related protein 1 [24, 25] .
By reversing those effects, evolocumab reduces LDL-C levels across a diverse range of patient populations [26] , and reduces CV events [27] , including in higher-risk populations, such as patients with diabetes [28] or peripheral artery disease [29] . In addition to LDL-C, evolocumab lowers remnant lipoproteins [30] ; however, the effect of evolocumab on the apoA1 remnant ratio is unknown. The objective of this post hoc subanalysis of three evolocumab studies was to evaluate the effects of evolocumab treatment on the change from baseline in the apoA1 remnant ratio compared with placebo.
METHODS

Patient Characteristics
Patients with mixed dyslipidemia who were treated with evolocumab 140 mg every 2 weeks (Q2W) or 420 mg once every month (QM) from three completed phase 3 evolocumab trials of 12-week duration were included in the analysis [31] [32] [33] . Evolocumab biweekly and monthly doses have shown clinical equivalence [34] . The MENDEL-2 trial evaluated the safety and efficacy of evolocumab monotherapy versus placebo or ezetimibe on LDL-C reduction in patients with a 10-year Framingham risk score of B 10% (NCT01763827) [31] . The RUTHER-FORD-2 trial examined the safety and efficacy of evolocumab on LDL-C in patients with heterozygous familial hypercholesterolemia (HeFH; NCT01763918) [32] . The LAPLACE-2 trial tested the efficacy and safety of evolocumab in combination with statin therapy versus statin therapy alone or statin therapy plus ezetimibe alone on LDL-C levels in patients with hypercholesterolemia and mixed dyslipidemia (NCT01763866) [33] . These three trials were selected and pooled because they were of the same duration and utilized similar LDL-C inclusion criteria.
Patients included in this post hoc subanalysis were C 18 years of age with fasting LDL-C C 150 mg/dl (not receiving any statin therapy, including all patients in the MENDEL study), C 100 mg/dl (not receiving intensive statin therapy), C 80 mg/dl (receiving intensive statin therapy), and fasting triglycerides B 400 mg/dl by central laboratory. Intensive statin use was defined as atorvastatin (40 mg or greater), rosuvastatin (20 mg or greater), simvastatin (80 mg), or any statin with ezetimibe.
All procedures performed in the trials reported in this study involving human participants were in accordance with the ethical standards of the institutional and/or national research committee and with the 1964 Helsinki Declaration and its later amendments or comparable ethical standards. Informed consent was obtained from all individual participants included in the mentioned studies. Approval of institutional review boards was received for these trials and has been previously reported [31] [32] [33] . This article is based on previously conducted studies and does not contain any studies with human participants or animals performed by any of the authors.
Lipid Measurements
Blood samples for determining lipid levels (total cholesterol, LDL-C, HDL-C, non-HDL-C, apolipoprotein B (apoB), apoA1, lipoprotein(a) (Lp(a)), triglycerides, VLDL-C) were collected at baseline and weeks 2, 8, 10, and 12. LDL-C concentration was calculated using the Friedewald formula unless the calculated LDL-C was \ 40 mg/dl or triglycerides were [ 400 mg/dl, in which case, ultracentrifugation LDL-C was used. VLDL-C was (6) 87 (5) 133 (5) Black or African American 27 (3) 69 (4) 96 (4) Asian 26 (3) 50 (3) 76 (3) American Indian or Alaska native
Native Hawaiian or other Pacific Islander
Coronary artery disease, n (%) 150 (18) 343 (21) 493 (20) Cardiovascular risk factors, n (%)
Current cigarette use 114 (14) 238 (15) 352 (14) Type 2 diabetes mellitus 84 (10) 190 (12) 274 (11) Family history of coronary heart disease a 186 (23) 390 (24) 576 ( Moderately high risk 75 (9) 157 (10) 232 (9) Moderate risk 228 (28) 492 (30) 720 (29) Lower risk 261 (32) 451 (27) 712 ( 
Measurement of ApoA1 Remnant Ratio
A surrogate measurement for RLP was used to determine the apoA1 remnant ratio, since IDL data from these studies were unavailable, by dividing apoA1 with the difference between non-HDL-C and LDL-C in place of VLDL ? IDL as reported by Varbo et al. [8] [9] [10] . Stratifications of the apoA1 remnant ratio were generated using tertile (\ 4.7, 4.7-6.8, and [ 6.8) and partitioning categories (\ 3.6, 3.6-6.0, and [ 6.0) that were previously identified [19] .
Statistical Analyses
Baseline demographics, measurements of lipid parameters, and clinical characteristics were summarized descriptively by treatment groups. The mean percentage change in the apoA1 remnant ratio, RLP, or apoA1 from baseline to week 12 was compared between treatment groups using a repeated-measures model with study, treatment group, visit, and the interaction between treatment group and visit as covariates. Categorical variables were compared using the Chi-square test. All p values reported are two-sided and were not adjusted for multiple comparisons. All statistical analyses were conducted using SAS 9.4 (SAS Institute, Cary, NC, USA).
RESULTS
A total of 2464 patients, the full cohort receiving evolocumab or placebo from the three parent studies, were included in this analysis. Demographics and clinical characteristics, including CV risk factors, are reported in Table 1 . Overall, 49% of patients were women; the mean (standard deviation [SD]) age was 57 (11) years, and 92% of patients were white. Approximately 20% of patients had coronary artery disease at baseline. Over 40% were at high or moderately-high risk based on National Cholesterol Education Program Adult Treatment Panel III criteria, and 81% of patients were receiving moderate-or high-intensity statin regimens. The mean (SD) baseline apoA1 remnant ratio was 7.2 (3.8) and the mean (SD)
baseline LDL-C concentration was 3.1 (1.1) mmol/l. The baseline apoA1 remnant ratio was similar across the evolocumab and placebo ApoA1 apolipoprotein A1, ApoA1 remnant ratio apoA1/(non-HDL-C-LDL-C), LS least squares, n number of subjects in the full analysis set, Q2W every 2 weeks, QM monthly, RLP remnant lipoprotein a Fixed-effects treatment differences are from the repeated measures model, which includes parent study, treatment group, visit, and the interaction between treatment group and visit b p \ 0.0001 arms, as were baseline lipid levels, including apoA1, LDL-C, and non-HDL-C. The effects of evolocumab treatment on the apoA1 remnant ratio and on its components, apoA1 and RLP, are shown in Table 2 . Evolocumab increased apoA1 relative to placebo for a mean (standard error [SE]) treatment difference of 4.0 (0.7) for 140 mg Q2W and 5.2 (0.8) for 420 mg QM (both p \ 0.0001). Evolocumab decreased RLP relative to placebo for a mean treatment difference of -15.3 (1.7) and -22.7 (2.0), respectively (both p \ 0.0001). The mean (SE) apoA1 remnant ratio at week 12 was 8.8 (0.2) in patients receiving evolocumab 140 mg Q2W, 7.4 (0.2) in patients receiving placebo Q2W, 8.7 (0.2) in patients receiving evolocumab 420 mg QM, and 7.3 (0.2) in patients receiving placebo QM. The mean (SE) percent change from baseline to week 12 in the apoA1 remnant ratio was 26.4% (1.8%) in patients receiving evolocumab Q2W, 29.9% (1.8%) in patients receiving evolocumab QM, 1.4% (2.3%) in patients receiving placebo Q2W, and -3.7% (2.3%) in patients receiving placebo QM. These percent changes from baseline corresponded to mean (SE) treatment differences for evolocumab versus placebo of 25.0% (2.6%) for 140 mg Q2W (p \ 0.0001) and 33.6% (2.6%) for the 420 mg QM dose (p \ 0.0001). Spearman correlations of the change in the apoA1 remnant ratio from baseline to week 12 and the change from baseline to week 12 in other lipids were statistically significant for apoB, HDL-C, non-HDL-C, VLDL-C, apoA1, and triglycerides (all p \ 0.0001) ( Table 3 ). Changes in LDL-C and Lp(a) did not correlate with change in the apoA1 remnant ratio.
Patients were grouped by week 12 apoA1 remnant ratio threshold and evolocumab dose frequency to examine reductions in lipid levels by achieved apoA1 remnant ratio (see Table S1 in the electronic supplementary material).
Patients were evaluated according to their evolocumab dose/interval and week 12 apoA1 remnant ratio level to examine the impact of these factors on LDL-C and non-HDL-C goal achievement. No trend in week 12 LDL-C goal achievement (\ 70 mg/dl) was observed across various thresholds of achieved apoA1 remnant ratio. Patients with higher week 12 apoA1 remnant ratios C 3.6 vs. \ 3.6 and C 4.7 vs. \ 4.7 were significantly more likely to achieve a non-HDL-C treatment goal of \ 100 mg/dl than were those with lower week 12 apoA1 remnant ratio values at both dose groups (\ 3.6 or \ 4.7; Table 4 ). We observed an increase in the numerical distribution of women over 50 years of age at higher thresholds of apoA1 remnant ratio at week 12 (Table 5) although the number of patients in some of the threshold categories was small with less precision.
DISCUSSION
The results of this post hoc analysis suggest that evolocumab, a PCSK9 antibody inhibitor, increases the apoA1 remnant ratio. This is the first study reporting the effects of a PCSK9 inhibitor on the apoA1 remnant ratio, and the first study examining this in women over 50 years of age. As demonstrated in prior Table 3 Spearman correlation between change from baseline at week 12 in apoA1 remnant ratio and change from baseline at week 12 in other lipids ApoA1 apolipoprotein A1, ApoA1 remnant ratio apoA1/ (non-HDL-C-LDL-C), ApoB apolipoprotein B, HDL-C high-density lipoprotein cholesterol, LDL-C lowdensity lipoprotein cholesterol, Lp(a) lipoprotein(a), VLDL-C very-low-density lipoprotein cholesterol a p \ 0.0001 studies, the on-treatment apoA1 remnant ratio is an independent CV risk factor [7, 19] . Evolocumab's effect on the apoA1 remnant ratio is achieved not only by its effect on increasing the numerator (apoA1) (? 4% evolocumab 140 mg Q2W compared with placebo), but also by an even greater decrease in the denominator (RLP) (-15% evolocumab 140 mg Q2W compared with placebo). These non-LDL-C-related effects have potential significant clinical relevance. First, from a mechanistic standpoint, the reduction in RLP-C by evolocumab supports the biologic plausibility that by inhibiting PCSK9, which downregulates not only LDL receptors but also the VLDL receptor and LDL-receptor-related proteins, the clearance of RLP would increase. These data are also consistent with a recent study showing that evolocumab reduces VLDL-C and total, medium, and small particles of VLDL, in addition to IDL particles as measured by nuclear magnetic resonance [30] . The importance of reducing small VLDL particles was recently demonstrated in the JUPITER trial [35] . In 11,984 patients on rosuvastatin 20 mg/day with a median LDL-C of 51 mg/dl, VLDL particles were associated with a significant increase in the incidence of atherosclerotic CV disease risk, with a 68% increase in risk for every 1 standard deviation increase in VLDL particle (adjusted hazard ratio 1.68, 95% CI 1.28-2.22). In a post hoc analysis of the TNT trial, atorvastatin 80 mg compared to atorvastatin 10 mg significantly reduced risk, independent of LDL-C, in patients with higher baseline TRL-C levels (measured by non-HDL-C minus LDL-C; relative risk reduction: 29-41%; all p \ 0.0250) [14] . This analysis suggests that the reduction in CV event rates by evolocumab may be attributable to a combination of reductions in not only LDL-C but also in RLP; future analyses could confirm this.
In this study, we also evaluated women over 50 years of age since the initial discovery paper involving the apoA1 remnant ratio was in women over 50 years of age referred for cardiac catheterization. In that study, death/myocardial infarction at 3 years occurred in 20.4, 17.1, and 8.9% of patients with apoA1 remnant ratios \ 3.6, 3.6-6.0, and [ 6.0, respectively. These stratifications have been shown in a previous study to partition those at low or moderate-tohigh cardiovascular risk [19] . The same tertile and partitioning categories were used in this study to determine risk levels, as is done with other lipid parameters. Using those same partitioning categories here, 2.6, 16.0, and 73.2% of patients treated with evolocumab 140 mg Q2W had apoA1 remnant ratios of \ 3.6, 3.6-6.0, ApoA1 apolipoprotein A1, ApoA1 remnant ratio apoA1/(non-HDL-C-LDL-C), HDL-C high-density lipoprotein cholesterol, LDL-C low-density lipoprotein cholesterol, Q2W every 2 weeks, QM monthly, SE standard error, VLDL-C very-low-density lipoprotein cholesterol a For the difference between the apoA1 remnant ratio categories within each evolocumab dose/dose frequency and [ 6.0, respectively at 12 weeks, compared with 10.2, 25.9, and 63.3% at baseline. The apoA1 remnant ratio may have utility, then, in this population, although further studies using this as a primary or secondary target are necessary. Furthermore, examination of the response of the apoA1 remnant ratio to statin therapy merits exploration. Limitations of this study include that the analysis was conducted post hoc and was not powered to detect cardiovascular events, was unadjusted for potential confounders, and included trials of limited duration (12 weeks); therefore, further prospective investigation of the effect of evolocumab on the apoA1 remnant ratio and CV risk is warranted. In addition, some of the apoA1 remnant ratio threshold subgroups had relative small numbers of patients (\ 60) and thus lower precision. n number of subjects in the full analysis set, ApoA1 apolipoprotein A1, ApoA1 remnant ratio apoA1/(non-HDL-C-LDL-C), Q2W every 2 weeks, QM monthly
CONCLUSIONS
This post hoc analysis is the first to suggest that evolocumab increases the apoA1 remnant ratio following 12 weeks of treatment. This effect is independent of standard lipids, non-HDL-C, and apoB. Evolocumab's effect on increasing this novel ratio, which is independent of LDL-C, is consistent with previously published data showing an increase in apoA1 and reductions in remnant lipoproteins. The on-treatment apoA1 remnant ratio was shown to identify patients who are less likely to attain non-HDL-C \ 100 mg/dl treatment goals after 12 weeks of treatment. In further subgroup analyses, while limited by the number of patients in apoA1 remnant ratio thresholds, these analyses suggest that evolocumab increased the apoA1 remnant ratio in women [ 50 years of age moving them into higher levels which have previously been shown to be associated with less CV risk.
